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SOLUTION: Strain is applied to a channel forming layer 
1, which is formed with a channel of a field-effect 
transistor, by a strain applying semiconductor layer 2 
and the mobility of carriers in the channel is made 
higher than that of the carriers in the material for a 
non-strained channel forming layer. Thereby, a 
high-speed and low-powder consumption complementary 
field-effect transistor can be realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device characterized by having the channel formative layer in which the channel of a field-effect transistor is 
formed, and the distorted impression semi-conductor layer which makes distortion impress to the grid of this channel formative layer, and the 
mobility of the carrier in said channel being larger than the ingredient of said distortionlessness channel formative layer. 
[Claim 2] Said channel formative layer is a semiconductor device according to claim 1 characterized by consisting of Si and the lattice 
constant within the field of this Si channel formative layer being larger than distortionlessness Si. 

[Claim 3] The source drain field of said field-effect transistor is a semiconductor device according to claim 1 or 2 characterized by being 
formed in said channel formative layer. 

[Claim 4] One side of the source drain field of said field-effect transistor is a semiconductor device according to claim 2 characterized by 
being formed in the SiGe layer which touched said Si semi-conductor layer. 

[Claim 5] The junction depth of the source drain field of said field-effect transistor is a semiconductor device according to claim 3 or 4 
characterized by being smaller than the thickness of said Si channel formative layer. 

[Claim 6] said field-effect transistor — p mold — it is — said distorted impression semi-conductor layer near the interface of said distorted 
impression semi-conductor layer and said channel formative layer, and said channel formative layer — at least — while — **** — a 
semiconductor device given in claim 1 characterized by introducing the impurity which presents n mold to said distorted impression semi- 
conductor layer and said channel formative layer thru/or any 1 term of 5. 

[Claim 7] Installation of said impurity is a semiconductor device according to claim 6 characterized by being made in 0.1 to 30nm in said 
distorted impression semi-conductor layer and said direction of channel formation layer thickness. 

[Claim 8] It is a semiconductor device given in claim 1 characterized by for said field-effect transistor being p mold, and said distorted 
impression semi-conductor layer having the bias impression electrode thru/or any 1 term of 7. 

[Claim 9] The energy of the top-most vertices of the valence band of an interface with the layer which adjoins both sides of the channel 
formative layer and this channel formative layer is a semiconductor device with which the direction of a gate-dielectric-film side is 
characterized by having large p mold field-effect transistor. 

[Claim 10] The energy of the top-most vertices of the conduction band of an interface with the layer which adjoins both sides of the channel 
formative layer and this channel formative layer is a semiconductor device with which the direction of a gate-dielectric-film side is 
characterized by having small n mold field-effect transistor. 

[Claim 11] For gate dielectric film, the energy barrier over the carrier in the channel of a field-effect transistor is the semiconductor device 
with which it is characterized by existing in the opposite side, having distorted the grid of the channel formative layer in which said channel is 
formed, and the mobility of the carrier in said channel being larger than the ingredient of said distortionlessness channel formative layer to this 
channel. 

[Claim 12] It is the semiconductor device according to claim 11 which said field-effect transistor is p mold, and said channel formative layer 
consists of Si or germanium, and is characterized by the lattice constant within the field of said Si channel formative layer being larger than 
distortionlessness Si, and the lattice constant within the field of said germanium channel formative layer being smaller than distortionlessness 
germanium. 

[Claim 13] It is the semiconductor device according to claim 1 1 which said field-effect transistor is n mold, and is characterized by for said 
channel formative layer consisting of Si, and the lattice constant within the field of this Si channel formative layer being larger than 
distortionlessness Si. 

[Claim 14] Said field-effect transistor is a semiconductor device given in claim 9 characterized by having the distorted impression semi- 
conductor layer which makes distortion impress to said channel formative layer thru/or any 1 term of 13. 

[Claim 15] Said distorted impression semi-conductor layer is a semiconductor device given in claim 2 characterized by consisting of Si1~xGex 
(0< x<1) thru/or any 1 term of 8 and 14. 

[Claim 16] The channel formative layer which consists of Si1-yGey (0< y<=1) in which the channel of p mold field-effect transistor is formed, 
It has the distorted impression semi-conductor layer which consists of Si1-xGex (0< x<1) which makes distortion impress to this channel 
formative layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the semiconductor device containing a field-effect transistor about a semiconductor 

device and its manufacture approach. 

[0002] 

[Description of the Prior Art] In the integrated circuit using a SiMOS mold field-effect transistor (Si-MOSFET), it has been compatible with 
reduction of power consumption in improvement in the speed by performing contraction of a device dimension, reduction of operating voltage 
etc. according to the so-called scaling law. 

[0003] However, many troubles, such as a problem of the short channel effect generated with dimension contraction and a fall of the margin of 
operation by contiguity of the drain electrical potential difference which becomes remarkable when it low-battery-izes. and a threshold 
electrical potential difference, are arising. 

[0004] Moreover, if their eyes are turned to the mobility used as the index of improvement in the speed, the above-mentioned various 
amelioration has entrapped 100 or less and the value of bulk to the result which makes an ironical thing far less than the mobility of Si in a real 
device. 

[0005] Thus, in conventional Si-MOSFET, the improvement in the engine performance is already becoming very difficult 
[0006] " 

[Problem(s) to be Solved by the Invention] There is the need of attaining improvement in the speed by amelioration of the semiconductor 
material itself in improvement in the engine performance beyond this. Although it is one answer, it is very difficult to essentially use the so- 
called high-speed compound semiconductor in respect of [ with the manufacturing technology of Si integrated circuit ] confluent, and since a 
manufacturing cost becomes huge, it is not a realistic solution. 

[0007] The purpose of this invention is to offer the semiconductor device which has a high-speed field-effect transistor with a low power 

using combination which is Si, and this and a congener, such as germanium and C 

[0008] 

[Means for Solving the Problem] The above-mentioned purpose makes distortion impress to the channel formative layer in which the channel 
of a field-effect transistor is formed by the distorted impression semi-conductor layer, and can be attained by making mobility of the carrier in 
a channel larger than the ingredient of the distortionlessness channel formative layer. For example, when the ingredient of the channel 
formative layer is Si. the lattice constant within the field of Si channel formative layer is made larger than distortionlessness Si by distorted 
impression. 

[0009] If distortion is impressed to Si or germanium, it is suggested that the mobility of a carrier may increase compared with Si or germanium 
which does not receive distortion (M. V.Fischetti and S.E.Laux:J.Appl.Phys.80 (1996) 2234). This is making the same the phenomenon and the 
origin which mobility's increases and known for many years, when Si is deposited on sapphire, and Si receives an in-plane strain. This invention 
applies this phenomenon and produces semiconductor devices, such as an integrated circuit using a field-effect transistor and it. 
[0010] Moreover, the semiconductor device which has p mold field-effect transistor which made the gate-dielectric-film side larger than 
another side for the energy of the top-most vertices of the valence band of an interface with the layer which adjoins both sides of the channel 
formative layer and this channel formative layer can also attain the above-mentioned purpose. 

[001 1] Moreover, the semiconductor device which has n mold field-effect transistor which made the gate-dielectric-film side smaller than 
another side for the energy of the top-most vertices of the conduction band of an interface with the layer which adjoins both sides of the 
channel formative layer and this channel formative layer can also attain the above-mentioned purpose. 

[0012] Moreover, the energy barrier over the carrier in the channel of a field-effect transistor makes the grid of the channel formative layer in 
which it considers as the structure which exists in the opposite side with gate dielectric film, and a channel is formed to a channel distorted, 
and the above-mentioned purpose can be attained also by making mobility of the carrier in a channel larger than the ingredient of the 
distortionlessness channel formative layer. 
[0013] 

[Embodiment of the Invention] The band structure and the principle of operation of a field-effect transistor which use as a channel Si which 
received distortion first are explained. It is appropriate for the distorted impression layer which gives distortion to Si to use Si1-xGex (0< x<1). 
The band Fig. of a laminated structure called Si02 gate dielectric film 3 / distorted Si layer 1 / Si1-xGex distorted impression layer 2 is shown 
in drawing 1. The band gap 6 of the distorted Si layer 1 is larger than the band gap 7 of the Si1-xGex distorted impression layer 2, and, 
moreover, a valence band 5 and a conduction band 4 show the band discontinuity of the type with which energy falls. 

[0014] Now. if a forward electrical potential difference is impressed to the gate in the case of the field-effect transistor of n mold, a band 
bends near the interface of gate dielectric film 3 and the distorted Si layer 1 like drawing ? , an electron is accumulated in 3 Kadoi doors 10 of 
the conduction band in the distorted Si layer 1 made into this part, and transistor actuation can be performed. This is completely the same as 
the usual MOS mold field-effect transistor. 

[0015] Moreover, if a negative electrical potential difference is impressed to the gate in the case of the field-effect transistor of P type, a 
band will bend near the interface of gate dielectric film 3 and the distorted Si layer 1 like drawing 3 . However, many electron holes will be 
accumulated in 3 Kadoi doors 12 of the valence band in the Sil-xGex distorted impression layer 2 made to the interface of the distorted Si 
layer 1 and the Sil-xGex distorted impression layer 2 rather than 3 Kadoi doors 1 1 of the valence band in the distorted Si layer 1 made into 
this part. However, compared with the distorted Si layer 1. since [ that it is remarkable ] the mobility of the electron hole in the Sil-xGex 
distorted impression layer 2 is small, it has the problem that improvement in a rate cannot be aimed at as compared with the usual MOS mold 
field-effect transistor. Moreover, when a complementary-type field-effect transistor is constituted, there is a problem of being hard coming to 
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balance pn both channels. * 
[0016] In order to solve such a problem, there are some which are shown below as the approach that what is necessary is just to reduce are 
recording of the electron hole in 3 Kadoi doors 12. The 1st approach prevents the outflow of the electron hole to the Si1-xGex distorted 
impression layer 2 by making the junction depth of a source drain shallower enough than the thickness of the distorted Si layer 1. What is 
necessary is just to specifically set the junction depth to about 40nm, when the thickness of the distorted Si layer 1 is 70nm. Since this is the 
value used with the short channel device of 0.1 microns or less of channel length, and a value practically equal, it is an implementation possible 
value enough. 

[0017] The 2nd approach is an approach of being the range of 0.1-30nm depth preferably, and performing n mold doping near an interface with 
the distorted Si layer 1 of the Si1-xGex distorted impression layer 2 steeply, as [ show / in drawing 4 / by this approach ] — the energy level 
of the top-most vertices 43 of 3 Kadoi doors 12 of the valence band in the Si1-xGex distorted impression layer 2 falls. For example, it 
becomes lower than the energy level of the top-most vertices 42 of 3 Kadoi doors 11 of the valence band in the distorted Si layer 1. 
Consequently, are recording of the electron hole in 3 Kadoi doors 12 decreases. This approach is realizable for both the distorted Si layer 1 or 
the distorted Si layer 1, and the Sil-xGex distorted impression layer 2 also by carrying out n mold doping. Also in these cases, the doping 
depth has the desirable range of 0.1~30nm. 

[0018] They are the 3rd approach and the approach of controlling substrate bias voltage so that a forward electrical potential difference is 
impressed to the Si1-xGex distorted impression layer 2 side. By this approach, as shown in drawing 5 , the lower right where the Si1-xGex 
distorted impression layer 2 side fell serves as band structure of **, and the energy level of the top-most vertices 43 of 3 Kadoi doors 12 of 
the valence band in the Si1-xGex distorted impression layer 2 becomes low rather than the energy level of the top-most vertices 42 of 3 
Kadoi doors 11 of the valence band in the distorted Si layer 1. Consequently, are recording of the electron hole in 3 Kadoi doors 12 decreases. 

[0019] As stated above, it is a factor indispensable to implementation of p mold field-effect transistor or a complementary-type field-effect 
transistor to prevent the outflow of the electron hole from a distorted Si channel to a distorted impression layer. Furthermore, in order to 
attain improvement in the speed and low-battery~izing of a device, it is also effective to take a configuration as shown below, namely, the case 
of p mold field-effect transistor — the case of a drain field and n mold field-effect transistor — the ingredient of a source field — the same 
base material as an Sil-xGex distorted impression layer — it considers as the same presentation ratio desirably. If it does in this way, 
distribution of the electric field between source drains will change with the band discontinuity of distorted Si and SiGe, and it will become 
possible to accelerate a carrier more effectively. Thereby, while being able to attain further improvement in the speed, actuation by the low 
battery is attained more by the fall of pinch off voltage. 

[0020] Although the transistor to which an electron and an electron hole use distorted Si as a channel has so far been described, if distorted 
Si1-yGey (0< y<=1) is used as a channel about an electron hole, high mobility-ization, i.e., improvement in the speed, will be realized further. 
When Si1-xGex is used for a distorted impression layer, the tension distortion within a field is impressed to Si which carries out a laminating 
on it, and the compressive strain within a field is impressed to Si1-yGey. 

[0021] When a laminating is carried out to the order of the distorted Si1-yGey layer 25, the distorted Si layer 1, and gate dielectric film 3 on 
the Si1-xGex distorted impression layer 2, It becomes a band Fig. as shown in drawing 6 R> 6, and an electron is accumulated in 3 Kadoi doors 
10 of the conduction band in the distorted Si layer 1 and the distorted Si layer 1 near the interface of gate dielectric film 3, and an electron 
hole is accumulated in 3 Kadoi doors 20 of the valence band in the distorted Sil-yGey layer 25 near the interface of the distorted Si layer 1 
and the distorted Si1-yGey layer 25. Unlike the case where the distorted Si layer 1 is used for the channel of an electron hole, an outflow in 
the distorted impression layer 2 of an electron hole stops being able to happen easily. As for the built-up sequence of the distorted Si layer 1 
and the distorted Sil-yGey layer 25, it is possible for which to make it operate as a device as for up. However, since the direction of the 
mobility of the electron hole in the distorted Si1-yGey layer 25 becomes higher than the mobility of the electron in the distorted Si layer 1, 
when the balance of the mutual conductance when constituting a complementary-type field-effect transistor is taken into consideration, the 
distorted Si1-yGey layer 25 is further than a gate electrode, that is, the configuration of that it is under the distorted Si layer 1 is more 
desirable. 

[0022] Moreover, you may also already pinch a SiGe layer further between the distorted Si layer 1 or the distorted Si1-yGey layer 25, and gate 
dielectric film 3. In this case, since an electron or an electron hole is accumulated in the distorted Si layer 1 near an interface with this SiGe 
layer, or the distorted Si1-yGey layer 25, it does not need to be influenced [ the interface state density of gate dielectric film 3, or ] of 
dispersion. 

[0023] Moreover, a distorted Si1-yGey layer may be grown in the field of a p channel, and a distorted Si layer may be made for a distorted Si 
layer and a distorted Si1-yGey layer to grow in the field of an n channel using a selection grown method etc., without carrying out a laminating. 

[0024] It is desirable to use Si1-xGex for a distorted impression layer. In Si and germanium, the lattice constant of germanium is large about 
about 4%. According to germanium presentation ratio x, as for Si1-xGex, a lattice constant takes a interpolation value. Therefore, if x 
[ suitable ] is chosen, distortion of a request can be impressed to Si or germanium which carries out a laminating on it. For example, 0.5 then 
Si, the tensile strain within [ of 2% of each germanium ] a field, and the compressive strain within a field can be impressed for x. The distorted 
magnitude of Si and Si1-yGey is suitably controllable by how to choose x. That is, the lattice constant within the field of a distorted Si layer 
can be enlarged in less than 4% of range to distortionlessness Si, and it is distorted Si1-yGey. It is distortionlessness germanium about the 
lattice constant within the field of a layer. It receives and can do small in less than 4% of range. Since the balance of the mobility of an 
electron and an electron hole is controllable by this, the mutual conductance of a complementary-type field-effect transistor can be balanced. 
Although adjusted only by changing the dimension of a component in the conventional complementary-type field-effect transistor, the degree 
of freedom of a design becomes advantageous also to increase and high integration further by this method. 

[0025] Also besides changing germanium presentation ratio x of Si1-xGex, distorted control may add C and may change the presentation ratio 
y of 1(Si1-xGex)-yCy. As an approach of adding C. C may be made to add at the time of growth of a distorted impression layer, and after 
growing up a distorted impression layer, you may add by approaches, such as an ion implantation. 

[0026] A distorted impression layer is good also as the approach of growing up Sil-xGex of a fixed presentation, the approach, to which the 
presentation ratio x is made to increase from Si substrate gradually toward the growth direction, and the so-called gray dead buffer layer. 
Moreover, if high Si layer of defect density is grown up at low temperature, or a defective layer is formed by approaches, such as ion 
implantation, such as hydrogen. Si. or germanium, on Si substrate and Si1-xGex is grown up to be after an appropriate time, since a 
penetration transition consistency can be reduced compared with the time of growing up direct Si1-xGex and it will become good about 
surface surface smoothness further on Si substrate, it is desirable. 

[0027] Moreover, if the parts of a substrate and a distorted impression layer are made into the so-called SOI (Silicon on insulator) structure, 
much more improvement in the speed can be attained by reduction of stray capacity. The lamination type SOI substrate, the SIMOX 
(Separation by Implanted Oxigen) substrate, etc. are marketed by SOI, and the distorted Si (Si1-yGey (0< y<=1)) field-effect transistor which 
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fn^ooi y 6 features of S01 effic,ent| y can be manufactured by growing up an Si1-xGex distorted impression layer on this substrate 
L0028] Moreover, by growing up an Sil-xGex distorted impression layer first on Si substrate, and heat-treating by driving oxygen ion into after 
an appropriate t.me How to embed S.02 insulating layer into an Sil-xGex distorted impression layer or Si [ directly under ] of it and to grow 
up a d.storted Si layer to be after an appropriate time, Or it is also possible by growing up an Sil-xGex distorted impression layer and a 
distorted Si layer first on Si substrate, and heat-treating by driving oxygen, ion into after an appropriate time to use the approach of embedding 
Si02 insulating layer to the interior of a distorted Si layer. If these approaches are used, thickness of a SOI barrier layer can be made thin it 
will excel in isolation, and the well layer for pMOS and nMOS will become unnecessary. Moreover, since Si02 insulating layer is directly under a 
distorted Si layer in the case of the latter, the problem of an outflow in the distorted impression layer of the electron hole in pMOS which was 
described above does not arise. 

[0029] Or after growing up an Sil-xGex distorted impression layer on Si substrate and growing up Si layer further again, the substrate which 
oxidized thermally a part or all of this Si layer is prepared. Or you may grow up SiO two-layer by vapor growth etc. on an Si1-xGex distorted 
impression layer instead of thermal oxidation of Si layer. And if it cuts by the technique of opposing Si02 to the support substrate prepared 
apart from this, and grinding lam.nation and Si substrate of the side which grew the Si1-xGex distorted impression layer further, or inserting a 
porosity Si layer in the middle of placing of a hydrogen ion and an Sil-xGex distorted impression layer is exposed, a lamination SOI substrate 
with an S.I-xGex d.storted impression layer can be manufactured. Since the high part of the defect density near Si substrate is removable 
among S.1-xGex distorted impression layers according to this approach, if reduction of defect density can be aimed at and polish etching etc 
are performed further, reservation of surface surface smoothness will also become easy. Moreover, by this approach, thickness of a SOI 
barrier layer can be made thin, it excels in isolation, and the well layer for pMOS and nMOS becomes unnecessary. 

[0030] On the occasion of cutting of the above-mentioned lamination SOI substrate, there is not necessarily no need of leaving the Sil-xGex 
distorted impression layer. That is. an Sil-xGex distorted impression layer is grown up on Si substrate, a distorted Si layer is grown up further 
Si02 can be opposed to the support substrate which prepared independently the substrate which oxidized the part thermally it can leave the 
parts of lamination and a distorted Si layer, cutting or polish can be performed, and the substrate with which the distorted Si layer appeared on 
SiO two-layer can be manufactured. Appearance did not change this substrate at all to the conventional lamination SOI substrate, but 
distortion has only merely started the SOI layer. Therefore, it can treat completely like the conventional SOI substrate, and excels in isolation, 
and the well layer for pMOS and nMOS becomes unnecessary, and it will have the description of distorted Si [ the effective mass of a SOI 
barrier layer is light, and ] that an electron and hole mobility are high, according to distorted effectiveness. Moreover, since Si02 insulating 
layer is directly under a distorted Si layer, the problem of an outflow in the distorted impression layer of the electron hole in pMOS which was 
described above does not arise. 

[0031] The thickness of a distorted Si layer has a fixed limit. It is because the upper limit of the thickness of a distorted Si layer which can 
grow by no transferring with distorted magnitude exists, if it says by the case where are calling this critical thickness and a distorted Si layer is 
grown up into an Si1-xGex distorted impression layer — the time of x= 0.2 — distorted magnitude — in distorted magnitude, critical thickness 
becomes [ critical thickness ] before and after 10nm at about 2% around 100nm by about 0.8% at the time of x= 0.5. However, it is dependent 
on the growth conditions of a distorted Si layer, and the magnitude of this critical thickness cannot be determined uniquely. Moreover, also 
when it is the structure where the oxide-film layer is inserted in between like [ at the time of combining a SOI substrate and a distorted Si 
layer ], it differs from the above-mentioned limit. However, it is desirable for x which is the presentation which realizes practically significant 
distorted magnitude to make it about 0.2 to 0.8 range and distortion, and for the thickness of a distorted Si layer to be in the range of 1 to 
200nm in about 0.8 to 3.2% of range. It is because generating of transition will start and the bad influence to an electrical property will begin to 
appear in less than Inm, if a field-effect transistor is inadequate as thickness of the barrier layer which forms a channel and it is thicker than 
200nm. 

[0032] Selection of field bearing of the substrate crystal to be used and selections of the relation of the carrier transit direction in a channel 
are required requirements when carrying out more nearly high-speed actuation. 

[0033] Conventionally, since many conventional Si semiconductor devices use this field bearing, the mobility at the time of making distortion 
impress also increases greatly, and it is desirable crystal orientation to use {100) sides as substrate side bearing in respect of association with 
a component, and use of the same process, while it is advantageous. In this case, as for the field inboard of a channel, it is advantageous to 
consider as <1 10> or the <001> directions, when raising the controllability of processes, such as EPI growth and etching. 
[0034] It is also possible to use {110) sides as substrate side bearing. In this case, it is advantageous to consider as <1 10> or the <001>' 
directions as a direction of a channel in respect of increase of the mobility by impressing distortion. Moreover, it is still more desirable when 
the <1 10> directions are used as an electronic channel. However, when the balance of nMOSFET and pMOSFET is taken into consideration, it 
is not necessary to be necessarily this arrangement. 

[0035] As described above, the field-effect transistor which added distortion to the barrier layer which forms a channel or a complementary- 
type field-effect transistor, and the semiconductor device using this have the light effective mass of the carrier which flows a channel 
compared with the former, therefore it is high in mobility, and since improvement in the speed can be attained and high integration of a 
component and high performance-ization can be attained further, the industrial value is very high. 
[0036] Hereafter, an example explains this invention to a detail. 

[0037] Example 1 drawing 7 is the sectional view of CMOSFET concerning this example. After washing the Si substrate 13, it introduces into 
chemical-vapor-deposition equipment immediately, and the Si0.7germanium0.3 distorted impression layer 2 is grown up. Field bearing of the Si 
substrate 13 is set to {100). Thickness may be 500nm. It grows up to be a raw material at the growth temperature of 700 degrees C using 
Si2H6 and GeH4. Here, doping for conductivity-type decision is not performed, germanium presentation ratio x of the Sil-xGex distorted 
impression layer 2 is x for distorted rationalization impressed to the distorted Si layer 1 at any cost although it is controllable. A good result 
will be obtained if it is made 0.2-0.4. 

[0038] Next, the distorted Si layer 1 is formed by the chemical-vapor-deposition method on the Si1-xGex distorted impression layer 2. Here, 
doping for conductivity-type decision is not performed. Thickness could be 60nm. Since the lattice constant of the Si1-xGex distorted 
impression layer 2 is larger than Si, this layer has received the hauling distortion within a field. Thereby, the carrier (electron and electron hole) 
mobility in this becomes larger than the inside of Distortionlessness Si. In addition, growth of Si layer and a SiGe layer is not restricted to a 
chemical-vapor-deposition method. 

[0039] Next, the isolation insulating region 19 is formed with a trench separation method, and ion implantation for well formation is performed 
over the lower part of the distorted Si layer 1, and the Si1-xGex distorted impression layer 2. V group elements, such as P. are injected into 
the lower part of a PMOS field, and it considers as n mold — III group elements, such as B, are injected into the lower part of an NMOS field, 
and it considers as p mold. Furthermore. V group element is poured into an III group element and an NMOS field in a PMOS field, and a 
threshold is adjusted to the upper part of the distorted Si layer 1. 

[0040] Next, the front face of the distorted Si layer 1 is oxidized thermally, and Si02 gate dielectric film 3 is formed. Furthermore, after 
forming the polish recon gate electrode 16 on it, etching removes except a gate field. Furthermore, a source drain field is formed with ion- 
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implantation by the self aryne. This time, since p mold source drain field 17 can be formed if III group elements, such as B, are poured in, and n 
mold source drain field 18 can be formed if V group elements, such as P. are poured in. PMOS and NMOS are producible on the same wafer. In 
order to reduce the leakage current to the Si1-xGex distorted impression layer 2 at this time, the ion-implantation depth was set to 30nm 
below one half of the thickness of the distorted Si layer 1. Finally, an interlayer insulation film (not shown) is formed, a contact hole is opened, 
patterning of the metal membranes, such as aluminum, is vapor-deposited and carried out, metal wiring is formed, and a field-effect transistor 
is completed. Compared with the field-effect transistor of Distortionlessness Si which produced this transistor directly on Si substrate with 
the same dimension, about 3 times and cut-off frequency also increased [ the mutual conductance ] 2.4 times. 

[0041] Example 2 drawing 8 is the sectional view of CMOSFET concerning this example. Instead of making deep a depth of 30nm of the source 
drain fields 17 and 18 in an example 1 with 50 nm in usual, in formation of the Sil-xGex distorted impression layer 2, it is the range of 30nm of 
the upper part, and this example mixes P doping gas, it is the high concentration of legislation cm the whole 1018. and performs n mold doping 
steeply. In order to dope only to a pMOS field in that case, the nMOS field is covered with the oxide film and this is removed after doping. 
[0042] However, the ion implantation for well formation does not carry out to the pMOS field which performed steep doping. 
[0043] Also in this example, effectiveness equivalent to an example 1 was acquired about a mutual conductance and cut-off frequency. 
[0044] Example 3 drawing 9 is the sectional view of CMOSFET concerning this example. This example impresses forward bias instead of steep 
doping in an example 2 to the well field of pMOS. 

[0045] Out of a component field, a contact hole is opened to the Si1-xGex distorted impression layer 2 of pMOS, an ohmic electrode is formed 
there, and, specifically, it considers as the bias impression electrode 22. 

[0046] By impressing the electrical potential difference of +1 V to the bias impression electrode 22, the punch-through current was able to be 
reduced to 5% or less as compared with the case where he has no bias impression. 

[0047] In addition, an example 1 thru/or the approach of 3 are approaches applicable to coincidence, and can combine two sorts or three 
sorts. 

[0048] Example 4 drawing 10 is the sectional view of CMOSFET concerning this example. This example etches alternatively the drain field 15 
of the p mold MOSFET of the distorted Si layer 1 in an example 1, and the source field 14 of the n mold MOSFET, carries out selective growth 
of the Sil-xGex layer 23, and returns the part. In addition, 5nm of surface layers of this part is set to Si, and damage on the Si1-xGex layer 23 
by future processes is prevented. 

[0049] The transistor of this example can reduce this compared with operating voltage 3V which a conventional type MOSFET is sufficient as 
and are used. 

[0050] Example 5 drawing 1 1 is the sectional view of CMOSFET concerning this example. The description of this example is to have used the 
distorted Gey layer as a channel of PMOS. 

[0051] A high defect density layer is beforehand formed in the Si substrate 13 over a lOOnm field from a front face by hydrogen ion placing. 
After washing this substrate, it introduces into chemical-vapor-deposition equipment immediately, and the lower layer 2 of the distorted 
impression layer which consists of Si1-xGex to which x was changed from 0.3 to 0.5 toward the growth direction is grown up. Thickness may 
be 300nm. It grows up to be a raw material at the growth temperature of 700 degrees C using Si2H6 and GeH4. 
[0052] 30nm of thickness is carried out for the upper layer 24 of the distorted impression layer which furthermore consists of 
Si0.5germanium0.5, and laminating formation of 10nm of thickness and the distorted Si layer 1 is similarly carried out for the distorted 
germanium layer 25 in order by 13nm of thickness. In addition, growth of Si, germanium, and a SiGe layer should just be an approach in which 
not only a chemical-vapor-deposition method but the crystal growth of the above-mentioned presentation is possible. The distorted 
germanium layer 25 receives field internal pressure shrinkage stress, and the distorted Si layer 1 receives the tensile stress within a field. 
Thereby, an effective mass is reduced compared with Si usual in the electron hole of the distorted germanium layer 25, and the electron of the 
distorted Si layer 1, and mobility rises. 

[0053] Next, low concentration ion implantation for threshold adjustment is performed in the upper part of the ion implantation for well 
formation and the distorted Si layer 1 covering the Si1-xGex layer 2 which are 24 and a lower layer 0.5 layers of Si0.5germanium which is the 
upper layer of isolation insulating region 19 formation and a distorted impression layer, and the upper part of the distorted germanium layer 25 
by the same approach as an example 1. Then, formation of Si02 gate oxide 3, formation of the gate electrode 16, and formation of the source 
drain fields 17 and 18 are performed. The ion-implantation depth of the source drain fields 17 and 18 was set to 10nm comparable as the 
thickness of the distorted Si layer 1 to nMOS, and was set to 20nm which reaches the distorted germanium layer 25 to pMOS. Finally, 
formation of formation of an interlayer insulation film, contact hole ****, and metal wiring is performed, and CMOSFET is completed. 
[0054] In this example, the amount of distorted impression which gives 24 to the distorted Si layer 1 and the distorted germanium layer 25 
since it is growing up as the upper layer of a distorted impression layer is [ 0.5 layers of Si0.5germanium of x= 0.5 ] large. 
[0055] In this example, although the distorted Gey layer was used for the channel, the distorted Si1-yGey layer (0< y<1) which mixed Si can 
also be used. In this case, the presentation ratio y is made larger than the presentation ratio x of an Si1-xGex distorted impression layer. 
[0056] Example 6 drawing ^ is the sectional view of CMOSFET concerning this example. 2nm of Si0.5germanium0.5 barrier layers 30 is formed 
on the distorted Si layer 1 in this example and an example 5. 

[0057] thus, since Si0.5germanium0.5 barrier layer 30 is formed between the distorted Si layer 1 and gate dielectric film 3, an electron does not 
receive dispersion of distorted Si layer 1 and gate-dielectric-film 3 interface — it is accumulated into the distorted Si layer 1 near the 
interface of Si0.5germanium0.5 barrier layer 30 and the distorted Si layer 1. 

[0058] Moreover, although the laminating of the distorted Si layer 1 was carried out to the upper part of the distorted germanium layer 25 in 
this example, even if this sequence is reverse, it is not cared about. The ion-implantation depth of the source drain field 1718 is set to 12nm 
comparable as the thickness of the distorted Si layer 1 to nMOS, and is set to 22nm which reaches the distorted germanium layer 25 to 
pMOS. 

[0059] Example 7 dr awing 1 3 is the sectional view of CMOSFET concerning this example. This example does not carry out the laminating of 
the distorted Si layer 1 and the distorted germanium layer 25 in an example 5, but carries out a parallel arrangement. 

[0060] The distorted germanium layer 25 is made a pMOS field, and tOnm and a nMOS field are made to specifically make 1 2nm selective 
growth of the distorted Si layer 1 on the Si0.5germanium0.5 distorted impression layer 24. The distorted germanium layer 25 received field 
internal pressure shrinkage stress, and the distorted Si layer 1 has received the tensile stress within a field. Thereby, an effective mass is 
reduced compared with Si usual in the electron hole of the distorted germanium layer 25, and the electron of the distorted Si layer 1, and 
mobility rises. 

[0061] Example 8 drawing 1 4 is the sectional view of the SOI substrate concerning this example. After washing the Si substrate 13 in which 
the high defect density epilayer of 100nm thickness was formed on the front face, it introduces into chemical-vapor-deposition equipment 
immediately, and the Sil-xGex distorted impression layer 2 is grown up. Thickness may be 150nm. It grows up to be a raw material at the 
growth temperature of 700 degrees C using Si2H6 and GeH4. A good result will be obtained if germanium presentation ratio x of the Si1-xGex 
distorted impression layer 2 sets x to 0.2-0.4 for rationalization of distortion impressed to the distorted Si layer 1 formed later although it is 
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controllable at any cost. It ,s referred to as 0.3 in this example. In addition, growth of Si and a SiGe layer should just be an approach in which 
f °* ° i' V 3 chem.cal-vapor-deposition method but the crystal growth of the above-mentioned presentation is possible 

eX o °i y f en ' 0n ' S P ° Ured in fr ° m the Si1_xGex distorted impression layer 2 on condition that acceleration voltage ISOKeV and 
4x l017/cm2 of doses, and annealing is performed at 1350 degrees C for 8 hours. Thereby. Si02 insulating layer 26 is formed directly under the 
Sil-xGex distorted impression layer 2. The thickness of Si02 insulating layer 26 is about lOOnm. and more than withstand voltage 50V is 
secured. By annealing treatment, the SM-xGex distorted impression layer 2 has very low defect density, and it is flat, and strain relaxation is 
fully made. Furthermore, the distorted Si layer 1 with a thickness of 60nm is formed in this upper part by the chemical-vapor-deposition 
method. 

[0063] Henceforth. CMOSFET can be manufactured using the same process as the example 1 grade of invention. In addition, the ion 
implantation of a well layer becomes unnecessary by using this substrate. 

[0064] Moreover, since stray capacity was reduced sharply, the working speed in mounting level was able to be raised about 40% compared 
with the time of the usual Si substrate use. 

[0065] Example 9 gVaw»ng_i5 is the sectional view of other examples of a SOI substrate. After forming to the Sil -xGex distorted impression 
layer 2 by the same approach as an example 8. the distorted Si layer 1 with a thickness of 120nm is formed by the chemical-vapor-deposition 
""I ™ w ^of°o e 1 impression layer 2. Next, oxygen ion is poured in from the distorted Si layer 1 on condition that acceleration 
voltage 50KeV and 2xl0l7/cm2 of doses, and annealing is performed at 1300 degrees C for 8 hours. Thereby. Si02 insulating layer 26 is 
formed in the inter.or of the distorted Si layer 1 . The thickness of Si02 insulating layer 26 is set to about 30nm 

[0066] In this example, since an outflow in the SiGe distorted impression layer of the electron hole in pMOS cannot take place easily except 
that the ion .mplantat.on of a well layer becomes unnecessary, it is not necessary to use especially the outflow preventive measure of the 
electron hole by doping, bias impression, etc. 

[0067] Example 10 drawingj.6 is the production process sectional view of the SOI substrate concerning this example First as shown in 
^§wjpg„16 (a), after washing the Si substrate 13 in which the high defect density epilayer of 100nm thickness was formed on the front face it 
introduces into chem.cahvapor-deposition equipment immediately, and the Sil-xGex distorted impression layer 2 is grown up Thickness may 
be 300nm. It grows up to be a raw material at the growth temperature of 700 degrees C using Si2H6 and GeH4. A good result will be obtained 
if it sets x to 0.2-0.4 for rationalization of distortion impressed to the distorted Si layer 1 , although germanium presentation ratio x of the Sil- 
xGex distorted impression layer 2 is controllable at any cost. It is referred to as 0.3 in this example. In addition, growth of Si and a SiGe layer 
should just be an approach in which not only a chemical-vapor-deposition method but the crystal growth of the above-mentioned presentation 
is possible. Moreover, germanium substrate or a SiGe mixed-crystal substrate may be used instead of the Si substrate 13. When the mixed- 
crystal ratio x of germanium is large, it becomes easier [ to use germanium substrate and the large SiGe substrate of germanium mixed-crystal 
ratio / growth of the Si1-xGex distorted impression layer 2 ], or unnecessary. 

[0068] Next, the distorted Si layer 1 is grown up, a front face is oxidized thermally, subsequently to the depth of the cutting location 28 a 
hydrogen ion is poured in, and a damage layer is formed in this location. In this way, it will be in the condition which shows in drawing 16 (a). 
The cutting location 28 is good also as the interior of the Si1-xGex distorted impression layer 2. and good also as the interior of the distorted 
Si layer 1. 

[0069] The support substrate 29 prepared still apart from the surface oxide film is joined in the junction location 27, and it will be in a condition 
like drawing J6 (b). Subsequently, if it anneals at 500 degrees C, it will be cut in the cutting location 28, when the cutting location 28 is the 
interior of the Sil-xGex distorted impression layer 2. it will be in a condition like drawing J6 (c), and in the case of inside the distorted Si layer 
1. it will be in a condition like drawing J 6 (d). When shown in dra wing 1616 (c). a front face is made to carry out epitaxial growth of the 60nm 
distorted Si layer 1 further. 

[0070] Henceforth, CMOSFET can be manufactured using the same process as the example 1 grade of invention. In addition, the ion 
implantation of a well layer becomes unnecessary by using this substrate. Furthermore, since an outflow in the SiGe distorted impression layer 
of the electron hole in pMOS does not take place in the case of the structure of drawing 16 (d), the outflow preventive measure of the 
electron hole by doping, bias impression, etc. becomes unnecessary. 

[0071] Moreover, since stray capacity was reduced sharply, the working speed in mounting level was able to be raised about 40% compared 
with the time of the usual Si substrate use. 

[0072] as shown in Table 1, a mixed-crystal ratio has [ about 0.2 ] the increment quite large when boil variously germanium presentation ratio 
x of the Sil-xGex distorted impression layer 2, and a complementary-type field-effect transistor is changed, and is produced by the approach 
shown in the example 1 1 example 1 using the Si substrate 13 of (100] sides and the electron of the <001> directions in a distorted Si channel 
and the mobility of an electron hole are estimated from the mutual conductance of a component in mobility. Distortion is [ % (a forward value is 
a tensile strain) and mobility of a unit ] cm2/Vs(es). 
[0073] 

The table 1 germanium presentation ratio x Distortion Electron mobility Hole mobility 0 0 1300 400 0.1 0.4 2600 850 0.2 0.8 3300 2000 0.3 1.2 
3550 3100 0.4 1.6 3500 4500 0.5 2.0 3450 52000. 6 2.4 3400 By the approach shown in the 6100 examples 7. using the Si substrate 13 of [100] 
sides, boil variously germanium presentation ratio x of the Sil-xGex distorted impression layer 2. change pMOSFET, and it is produced. If the 
mobility of the electron hole of the <001> directions in a distorted germanium channel is estimated from the mutual conductance of a 
component, mobility will become large by leaps and bounds as are shown in Table 2 and the compressive strain within a field is received. 
Distortion is [ % (a forward value is a tensile strain) and mobility of a unit ] cm2/Vs(es). 

[0074] The table 2germanium presentation ratio x Distortion Hole mobility 1.0 0 19000. 9 - 0.4 28000. 8 - 0.8 41000. 7 - 1.2 70000. 6 - 1.6 
90000. 5 - 2.0 120000. 4 - 2.4 By the approach shown in the 13500 examples 1, a complementary-type field-effect transistor is produced 
using the Si substrate 13 of {1 10} sides. If the electron of the <001> directions in a distorted Si channel and the <1 10> directions and the 
mobility of an electron hole are estimated from the mutual conductance of a component, as shown in Table 3, as for electron mobility, the 
direction of the <1 10> directions will become large. Distortion is [ % (a forward value is a tensile strain) and mobility of a unit ] cm2/Vs(es). 
[0075] 

The table 3germanium presentation ratio x Distortion Bearing Electron mobility Hole mobility 0.2 0.8 <001> 900 1800 0.2 0.8 <1 10> 3100 1800 
0.3 1.2 <001> 900 2700 0.3 1.2 <1 1 0> 3300 2700 [0076] 

[Effect of the Invention] According to this invention, the semiconductor device which contains a high speed, the complementary-type field- 
effect transistor of a low power, and this is realizable. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] SiO which is the example of this invention — it is the band Fig. of a laminated structure called a /distorted Si layer / Si1~xGex 
distorted impression layer 2 gate dielectric film. 

[Drawing 2] It is a band Fig. in the condition of having impressed forward bias to the gate of the structure shown in drawing 1 . 

[Drawing 3] It is a band Fig. in the condition of having impressed negative bias to the gate of the structure shown in drawing 1 . 

[Qraj/ying4] It is a band Fig. in the condition of having performed steep n mold doping to the topmost part of the Sil-xGex distorted impression 

layer of the structure shown in drawing 1 . 

[Drawing 5] It is a band Fig. in the condition of having impressed substrate bias voltage to the structure shown in drawing 1 . 

[Drawing 6] the Si02 gate dielectric film / distorted Si layer / distorted Si which is the example of this invention — it is the band Fig. of a 

laminated structure called a 1-yGey layer / Si1-xGex distorted impression layer. 

[ Draw ing 7] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 1 of this invention. 
[Drawing 8] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 2 of this invention. 
[Drawing 9] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 3 of this invention. 
[Drawing 10] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 4 of this invention. 
[Drawing 11] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 5 of this invention. 
[Drawing 12] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 6 of this invention. 
[Drawing 13] It is cross-section structural drawing of the complementary-type field-effect transistor of the example 7 of this invention. 
[Drawing 14] It is the sectional view of the SOI substrate of the example 8 of this invention. 
[Drawing 15] It is the sectional view of the SOI substrate of the example 9 of this invention. 

[Drawing 16] It is the production process sectional view of the SOI substrate of the example 10 of this invention. 
[Description of Notations] 

1 — A distorted Si layer, 2 — An Si1-xGex distorted impression layer, 3 — Si02 gate insulating layer, 4 [ — The band gap of Si1-xGex, ] — 
A conduction band, 5 — A valence band, 6 — The band gap of distorted Si, 7 8 [ — Three Kadoi doors of the conduction band in the distorted 
Si layer gate dielectric film / near a distorted Si layer interface, ] — Conduction band discontinuity, 9 — Valence band — Discontinuity, 10 11 
— Three Kadoi doors of the valence band in the distorted Si layer gate dielectric film / near a distorted Si layer interface, 12 — Three Kadoi 
doors of the valence band in the distorted Si1~xGex distorted impression layer 2 near Si layer / Si1-xGex distorted impression layer interface, 
13 [ — Gate, ] — Si substrate, 14 — A source electrode, 15 — A drain electrode, 16 17 — p mold source drain field, 18 — n mold source 
drain field. 19 — Isolation insulating region, 20 — Three Kadoi doors of the valence band in the distorted Si1-yGey layer near a distorted Si 
layer / distorted Si 1-yGey layer interface, 21 — A steep n mold doping layer. 22 — A bias impression electrode, 23 — Si1-xGex drain layer, 
24 — 0.5 layers of Si0.5germanium, 25 — Distorted Si 1-yGey layer (0< y<=1), 26 [ — A support substrate, 30 / — 40 Si0.5germanium0.5 
barrier layer 41 / — 42 The top-most vertices of 3 Kadoi doors of a conduction band, 43 / — Top-most vertices of 3 Kadoi doors of a 
valence band. ] — Si02 insulating layer, 27 — A junction location, 28 — A cutting location, 29 



[Translation done.] 
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•S^lcTIel^-t+^^SI^KS^Xt^,, 
[0 0 0 5] CCD^I-ftSferoSi-MOSFETXIi^li-Ptt 



^|S]±*<^^XBHlC^oX^XLx^ 0 
[O O O 6] 

[*8H*<»*LJ:5i:r«»H] C*ua±<7>tttel»J-tl= 
It. *«i*W*'4-5-<Dt©roa?axSiHb$ll-§)^ttA< 

<hli, Uti<DMm-(:itfo&i,0><D. Si««|fi]SS<DiSii 
ftffi£<DIi^tea>j5xiifci£f£|£itx3!>y, froiSitzi 

[0007] ^BMosmt. sits&ifzHtmmTim 

[O O O 8] 

7 > vX -Si -V * ;u A<ff$j£ £ +i •£ -V *;Uff2 (til 

■r-sciiiCcfei-jiifigx^-So Tv^^rtf&mo) 

[0 0 0 9] Sife-St^liGelc^^-EnJlP-r-i) ^£§1+ 
kl^Si IMiGelctb-iX*^ 'J TCD^iSJSA^tg^: L 9 
SCtA^Pg^ftXl^ (M. V. Fischetti and S. E. Lau 
x:J. App I. Phys. 80(1996)2234) „ ->±Z>T'<T± 

izsi&mfc-f&t. sitmp^m^^i-t^ztiz^ y^a 
«*<itap-rfts*i:ieffli*i5i:< u is^^an^x 

f-SCiXfe-So *^ffll*C(D3S^^fSfflLXmi?am 
[OOIO] $f-±SBSfl<Jl4. ^-V^-^jSBtC©^ 

l^^oXtiS/jEX^So 
[0 0 1 1] £fc±tBatf)l4. f?*)\,Wf$.mt 

< Lfcna«*sii*h7>i;x$*^r-r4*3i«:»«i= 

[0012] ^fciSBgWI*. a^xim h^>vX^(D 
^•V*;U*CD*-\' 'J TIC^-ri)X^.;U^-|5fI|A<, ^-v 

*Mmm<T>&n*. y < -r s - <t ic* ox t iisEx- 

[0 0 13] 

OLxXljiB^-r-So Silc^$^.^.-5MEp*alilrl4Sii- x Ge x 
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(o<x<d *ffl^*ctA<aa-c*4. miicsi02 

f- H§*K3/SSiJl1 /Sii- x Ge x SEPJ0ll2 

6 liS i 1 - x Ge x ^ EP If 2 (D / \ > K 3r -W ^ 7 y t, |£ 
<» L^tff«?tt6. fi**4i:til=x*;u4f— *«T 

[0 0 14] ni<Oi^It-7>v^5iff)l 
V— hlzIECD«)±$En*PLr-^-5)t. H 2 0) J: ate 

[0 0 1 5] *fc, Pa<D**S**h7>^X*<©» 

y— H~a<Z>«EE£EPinLT:-V>-5£, El 3 0) £51:: 
y- hHH3 tmSiM 1 <D#*EttiftT?A> Krt<tt*< 
4. tcW. C<Da«-(cUJ3EfcSSi|f 1 
®2ft#p1 1«fcyt,. SSiJf 1 <hSii- x Ge x ^EPfiDg2 

#P1 2lc^<(DIE?LA<Sa*Hr L*5o LfrU S 
SiH 1 lcJt^TSh- x Ge x Sffl»Jl2M<DjE*L(D»iftflEI4 

t tfc« L r ilScolRliA^EItiJEf ln t l> 3 BBHtffcS. * 
tz. ttttStJUft* h7>vx$ S«j*Lfc*£U:, pn 

h^a- *;uia<D/<7 y it < i: i*? ffla^fe 

& o 

[0 0 16] ^Ocfc5<fPBHH*»3t-r*fcttlci*. = ft 
SP1 2*(0IEft(D8»£»£-frli&< * ^;id:L 

£C£|Zc£ y % Sh- x Ge x Sffl»nB2^(B:Eft<0;;ffiffl£|» 
Jh-f^o m^MI^I*. SSiB 1 <DJ»^rt<fc£*tf70nm<D 

t#i^»*as**40nmsaEic-r*niai^ -*n±, ^ 

[0 0 17] 2§§£>;£;£I3\ Sii- x GexSEnanJ§2(DS 
Sid 1 tOfl-mttj&lz&t- L < (±3ES0. 1~30nmCDfeH 

Sleety. g]4 Iz^fcfc die. Sii- x Ge x SH]*DB2 4 3 
CDffim^^CDH^#p 1 2 (DTI* 4 3(Dl*J^- UK 

;u7b<«T-r^o ^siB 1 tp(r>mm. z F%7(D=ft# 
pi ioii^4 2<dx^- u^;Ucfcy tifiOi^c 

•tttlSflL Hft^Fl 2+0>iETLa)«8IA<*-S o ^(D^ 
Sfett. ^SiH 1 SfcliSSiB 1 t$\]- x Ge x m.£mm2<D 

[00 18] 3fg(DMli, Sii- x Ge x SEPJ!inlf 2ffl»J 
l3iE<©«l=EA<H3»nS*i4J:5^*ffi/<-<7 7 XllES*Jffll 



Sh-. x Ge x iiEPiPJl2«*<T*«-Dfc*T*<y <D/^> Rtii 
fc^y. ^Sig1 +<D(lS^^C7)H^#p 1 1(DS^4 
2(Dx*;u^— L^Ucfc y Si l- x Ge x ^EPJjnJl 2 4"0> 
f lfw(D£ft»F 1 2©M4 3 0i*^-U^ 

[O0 1 9] JUJt^fcJ:^^. ^Si^-**;Ufr£>ffiEP 
ic^nT^^ST'fc^o JbC, TvWXCDKiUbirlS 

v— x»*a>*m* s i i- x Ge x ^En^pn t m-omttm* 
»**<SE<t l . ct y *»* ftd*-* u r saatsc t 

mttte&o C*ilcJ:y. Stf4SiSfbA<IS;tx4i:ft 

[00 20] Ctl^r. ■ JEHtHzmS\&T** 

)l<tfZ) > VX^ |ZOl^Ti1^-<T^/■c^^ IE Til CO 
l^rli^Si1-yGey (0< y ^1) S^v*;ut LTfflL>-& 

EPiPlirzSii-xGexSffll^fc*^ ^(D-hlzfgll^^Si [z 
I*Srt?l3i y M7b<. S i i-yGe y lcl*ffirtlEtgSA<En*PS 

[00 2 1 ] Sii- x Ge x ^EP*PS2CDJi(Z^Sii-yGeyli2 

eiZTfk^ cfe^^/O KHI^* y s ^SiH 1 ty- h$6i!t 
Bl3(D#ffiW3fia)SSiH i +a>e»*a)=ft#p 1 oiz 

^Si@1 <h^Sii- y Ge y Ji2 5 C0^®^ifi(D^Si 
1-yGeyB 2 5 tp<Dmn z F<m<D = ft#P 2 0 [ZIE^L^SII 

y, iEft(DSEn*pii2^(7)3ftaii*fic:yic< <#<& 0 s 

SiHl i:MSii-yGey^2 5 (7)«BjHI?(i if*. 6 S±|z L 
L, ^Sii- y Ge y Jl2 5 rt^jEftCDSMffiCD^SSi H 1 

wa&^mTf&t. ^sii- y Ge y ji2 5^y- hiticfc us 

[0 0 2 2] ^fr. SSiB 1 fe^t^(iMSii- y Ge y (i2 5 
fcy— H6«ffl3 0)fBIlct 5-BSiGeH*l*$^-etft 
L^o CKDii^. ^^fe>i)L^^iIE?LliZCDSiGe^li:(D^® 
WifiOSSiB 1 £>3lM£^Sii- y Ge y fi2 Slzgfi^^^) 

[0 0 2 3] ^f-. SSiBiSSii-yGeyBl*»Bti-r 
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i l- y Ge y B £ , -v *;KD$iigcT* ItmS i « SfiEfif £ J: 

[0 0 2 4] ^EPJfflBl::lS\ Sii- x Ge x ^fflL^C<t^S 
SLl* 0 SitGe-ei*Ge(D» ; Fg»A<fc ( fc-t4%l$i:*# 
I*. Sii. x Ge x l*GettJaitx|ci6Cr»^S»*<rt»«[S 

*Sifc4Lx|4GelzBraO)S*Hl*J-r4c t*<a** 0 #J 
Ali. x £0. 5 Dili's u Ge-t*L-p*i2%(7)aBWgi3i 
2£ErtI±8§^£EPS0T*£<5 o xCDiMl/^lz^oT. Si 
tS\ i- y Ge y <7)^CD;*;# cF S5iaizfti]ffll-r -6 - t T^T'^ 

LT4ttl(Diit^?<r^ > ^Sii-yGey H(Dffi|*J 
0)|&^Sa*^M(DGe \zttLX4%mM(Dmmvn^ < 

If S*JM»* h7>vX$ "CttSR^fl)-* /*£ 4 Z t 
<DMz cfc y UHS l r L^fcA^ *St t?l* £ b KSfKD S 
XJMI1bl::t.*«lztt6 0 
[0 0 2 5] ffi<D»]»l4Sii- x Ge x a)Ge|flfitJtx ^\ft 
t>&Lft\zt> % C^^Q^r (Sii - x Ge x )i-yC y CDM^hky £^ 
flsa?-t»"Ci&l\, C£flP LTI4. SEPttJBG) 

f£|- -f * >;i Afc 4: J: o TJP tL T t J: l*o 

[0 0 2 6] SEPinHI*-SllfflJilca)Sii- x Ge x ^JiES-r4 
Si*S^b/?Kg^[fi]lcfS3^oT^/7lcjia^Jt x £ 

SiB£j£fiLfcy. *SL Si&£lM*Gefc<!:aM3j->JT 
a*<Pt*<D*Sfct?*|«JB*»*L, L^4»lcSii- x Ge x 
* fiEfi-T 4 t . SiaME±|C|tttSi i- x Ge x * Jit* LfcB*f= 

[0 0 2 7] £fc. Sttfccfcl/SEpJin«(7)a»S^3bl4> 
&S0I (Silicon on insulator) tHiSlc^S <t % ;?i£i# 
»0)iS*l=<fc l J-®C7)^iHb7!)<g]H4J:3^^>g>o SOI 
Ktelfiy^i^SOISffi^SIMOX (Separation by Implan 
tedOxigen) 4? 4<$JE* ftTfc U . ^<D»tt±C: 

Si i- x Ge x MEPJDjf £ 4 Z Izj: y SOI<7)42fS£± 

frLt-^Si ( Sii- y Ge y (0<yS1) ) *S«i*h^> 

[0 0 2 8] *fc % Si*4R-t(C*-rSii- x Ge x SHl/lO«S 

5 C £ ir* "J . Sii- x Ge x mBilJOB^L^ Ltt-t<Z)lETa)Si 
*l=Si02tt«»*a»a^. LA^4»lzSSiB**«-r 
SiSfi±lz*-rsii- x Ge x SB3*PB*5 
<fctf9SiB£AftU L*«fclzB***>*fr%&* 

- ti= ct y . ssinnspizsi02*Kttiv$a 



*U pMOS. nM0Sffla)^iJH»A<^S|-3fl:ft o *fc % 

SSi»©eTlcSi02*6«kBA<ft*fcft. Buffi L 
fccfc 5 ^pM0SlCfclt^IE^(D^^^nIi^CD;TLtt3CDP^a^ 

[0 0 2 9] fc4lM4£fc. Si£«±|zSh- x Ge x 9EPi)0 
i^lL, SbU:SiB£Ji£fiLfc:&, CcDSiJfcO-^ 
ttl^LI*±ffl*(»a<bLfc*tE*fflS-r-6o fc*lM*Si 
B<Z)8ftK<b(7)«^y lcSii- x Ge x SEnaPJB(7)±|rSi02B* 
9l«**5fea4:-C?Jit*LTtai^. fit, C+i^SiJC: 
fflmL/c^J#*1S<i:Si02^fa]^L>'&^1±rlfiy6l±. * 
&l=Sii- x Ge x 5Epjp|lt««Lfc«a)Si»«*W»-r 

£*? ALTfc< «Ci:a)*StlzJ:y«Bf*fToT. Sii- x G 
e x ^EPAnJi£Rtij t % Si i- x Ge x Sffl»Jltt#(Dte 

yd-frS0l»«E4««a-c*-5 o ^<D*ttl=«k*t«^ S i i_x 
Ge x ffifflinB<0 5*Si-»ffi|zifii\ *H8ffiJta>Kl*»# 

b irWB ^ ^ f $ ff *l<«ffi5pffl1±0)fli« t 

SSt< tt*r**»|||lz«tt, pMOS, nMOSfflCDOx^d 

[0030] ±Etey-&-&soi»«a>«iBri=BLri*. s 

i 1- x Ge x ^EpjlQli£SI LTfc < Lt^l^ "T 

^t>*>. Si»>fe±l=Sii- x Ge x ^EP^Pji^/ijcSL. ^blc 

Lfc^^affi<tsi02^fS]^^6^Ti,sy6i±. ^siji 

SSi«A<«ofc*«*»Jt-rSct*<ai*4o 

(4 . « It y 6i±S0 1 tt^fi b"£-Dtz< 3£t> b 

oT. «6*(DS0IS«t*ofc<H«lzift5ci:?!i<tb* 
*^»«tlz«*L. pMOS. nM0SfflO)^i;HiA^Slc 

<fy. ^o. sa>a*ic«kysoigtt)i(D#a(ifi**<e 
ztiztzz. titz. ms\m<DmT\zs\02mmmtf&&tz 

[0031] ms\mo>mMz\t-fc<D$mtffo&o tc-tf 

£b. S(D*&S(c e feoT«$n»r*filcfi'e#4SSiBa) 
BIIKO±HA<#«E-r«A^bT?**. -ti^eg^flSH^P? 
A,rfcy s Sii- x Ge x ^Ep»DB(3^SiB*JSfi$1±fcli6 
T* L > tL it . m x- l£x=0. 2<D t $ m<D X £ S 14 150. 8%T? B& 
S^I?l4100nniBU^. x=0. 5(7) £ £^CD;*;£ S l*W2%t?Ba 

z itm\m<Df&mikmz#n ur y -*mi=*s-i? ^ 
fca^a)cb3^iyiictt<bKB*<»A*4xTi^4«iai(Da 
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&o. mmomm. m\z lto. 8^&3. 2%fsjt<DffiHx% 

i m (Dm Hfr* 1 nmfr f> 200nm(D|Gffl lcfc£)Ci:A<S3;L 

m-?h%1±m(DM.frtLT^1fftX>&Z>L. 200nmJ; y 

ft -5 7? $> & „ 
[0 0 3 2] ffll^-i>»tBSJl<DS:£&<Dii#?<!:, ^-V* 

[0 0 3 3] StSffi^fiii: LT{100]Bi*m**Ci 

^^f 1 -v ^--;ucDSl^^|S] l*< : 1 10>; in|*< ;001 > : ^|S] <t -T 

[00 3 4] SffiE^tet LT{110)®£m\£>C<tt, 
plF&7?fe3o ¥**)W}5lBlk LTI*<;110>: 

)i>t LTIi<:110>:*|n)£m*5i:2Fii>l::2*Ll\, tztz 
U nM0SFETipM0SFET<75/\*=7>X^#JlLfcii^l=, <& 

[0 0 3 5] J*U:l-ie5£L*:<fc?lc. ^-v*;u*»«-r 
SI*, ft* letter, T**)\,$%tiiZ>*-*>)T<D&%i 

wafisiiiiftrai^o 

[0 0 3 6] KiTs Sllfi«l = J:y**IB*»flB(=KK-r 

o 

[0037] nmm 1 

i7lt *SUfeffiJlc«-5CMOSFETO)BTffi0t?fc4o SiS 

U Sio. 7Geo. 3^P;!jaJi 2 4 D Sittfel 3 CD® 

^feli{100) tt5o IIIJSI*500nm±:-r£ o ®3f4l=l*Si2H 
6fc£l/GeH4£mv J«fi;SJ£700 o C-C:jSS-*-4 o 
r% ««S*Ea>fctf>(D K— tf>y(iff3bftL^. Si i- x G 

-CO. 2-0.4lrfft t At^ttiR*<»&+L4o 
[0 0 3 8] Sii- x 6e x SEnllPJB2±l^b^ft«ja 

ftai-ctyssiiii *»fiR-rs 0 cct. #ms*sa> 

fc»(D K— tf >^fl±tT3baL^ IBJH*60nmi: Lfc e CO 
JBI±Sii~xGB X 2EPiinJl2 0»^fiaA<Si J: y*#l^Zfc 



[003 9] ^IZ, hu^^naictyju^iiiftii 

««l 9£Bf&L, SSiHl G>TfiM3cfctfSii-xGe x afiP 

*□§ 2l~frfcoT^XjUff2j£ffl-f ^>*T^^iT5o P 

MOS^iffcOT^fcliP^tf) V SItc^ £;i A LTni fc L . 
NM0S^l|E(DT^lCliB^(DIII^7u»^;iAL-Cp§!i(t-r 
6* $bCl. gSiHl 0)±SBI3. PM0S««lcl*IIIBg7C 
ft. NM0S««lcl4Vfll7C*$aEALTL*L^flISHB 

[0 0 4 0] ^Sijf 1 (Z)g®£f&SHbU Si02^ 

v— x Ku-f *>&A&i=cfcy»j*-r*. - 

CDfc#, B*0)llllfc5c**aA-rtLtfpfflV— X Kb 

fiV-^HU-f>««1 8 3i<»J«-e#Sa)"T?PM0S, NMOS 
«btiir|5l-^x/N_b(CffST**5o C0ch^. Sii- x Ge x 
SfflllDll2^<Da*l«a*ai&-rfc»lz. -f*">;iAg|S 

AMffittm (■»■&■*■) zmf&L. h*-;b£ 

felt. AI«adJM!t$3g*U /^-->^7L. £J»Ifi 
affile LT. lffSl*h7>5x*i<«*t4o CCD 

>X#fcJ:*-3f£, itBrHa»t2.4fSirttofc 0 

[004 1 ] Hffifll] 2 
H8I4. **«5«fc«4CIII0SFET(DBrffiH-CfcS o 
tfiflflli* HJS^J 1 icfcltS V— X KU-f 1 7 . 1 

8a)3E$30nm^ifiSa)*'&<7)50 runt gg < "T S«t? l J 
|C X Si1- x GexSEP*D«2<7)»JlE(cj3L^r. -^(D±gp30nm 

3fcftl=. nHOS«W*IMbBI-C*»Lrfc* K-t°>^ 
[O0 4 2] fcf£L. K— tf>^*frofcpMOSfl« 
[004 3] *HJfe0ii[CfcL>rt. fil3>^^>X 

[0044] H)5S^J 3 

*SUE«lc^SCMOSFET<^BrSBlT?fcSo *H 
J6Wtt. £ffiffll2l=£lt&&«t K— tr>^<Dtt^y(c 
pMOS(D^x;UffliatlZiEa)/WTX^EPJOLfc i fca)-e& 

[0 0 4 5] m^&ftX*. pMOS(DSii-. x G 

e x SEpaolH2*-c?=i>$<7 h*— ;u*BHIt. ^Cfz^-— 

[0 0 4 6] /\-T 7 7 XEp^Pmti2 2|Z+1V<Dmi±^En*D 
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[0 0 4 7] fcfc. SI«S«l7bS3(D*ai4 % |s]B#|zig 
[0048] 4 

Hi 0!4. *jtlt«lc«ftCII0SFETa>BrffiB|-efc4o * 

HffiiM 1 fcfcltSSSiH 1 p SiMOSFETtf) K 
L-f>«tt15. nfiMOSFEKDV— 4*a«M 
I^^^L* *a)»»SSh- x 6e x ll2 3^IMi 
LTiI<£>Mf ttf)T*$>S 0 fcfc. C<DS|J#a)gffiJf5nm 
l*Si t U Kiak<Z>^n-bxiz«fc4Sii- x eexll2 3<D«1S 

[0 0 4 9] H^>vX£l£. &3fcg!M0SFET 

So 

[0 0 5 0] HJ£#i|5 
13 1 1(4. *SIJ£«iJlz«SCM0SFET<7)BraBlT?feSo # 
^!£<M0>t$«l3\ MGe y B£PM0S(7)^v*;U<b 

[0051] sists 1 3iz*&*^i:to7K*-<*>iTa^ 

IgiCIAl, x£0. 3^^,figfi^fS]|rfp]oT0. 5£T* 

^b$^fcSii- x Ge x ^b3SS^En»DBa)TB2 ^j«fi-r 
So MJ5l«00nm£-r>5 o l^*4(c[4Si 2 H6fc J:l>'GeH 4 ^ffi 

i\ fiE^ajS7oo°cT*ia:5-r-5o 

[0 0 5 2] $ £lcSio.5Geo.5* x ^£:S^EP*PBa>±@ 
2 4 £HV30nnu ^Ge@ 2 5 £jjlJ?10nm. ^SiB 1 £j® 
»13nm-e«lzraflUz»)B»fiK-r* 0 Si. Gefccfctf 

SiGeHO)figStt^a4ej««;tlz|8e>-r. ±Ifi*lJ£(D$£ 
ilJ£fi#^&;fr;ST?&*il**Sl* 0 ^GeH2 5!4®ftJ± 
JUE*i£Sl-f\ ^SiB i l4rart3lo?§yj£*j£glf So 
-tllCcky. ^Ge|f2 5(0IE*L ^Sijf 1 (DM^ttlZ 

a»a>siiztbKT*j8!iK**<isa**L. »MK*<±#-r 

So 

[0053] H)5S0iji <t{5]ti^^;ir% 

2 4fc^r>*T)f-CfcSSji-xGexli2|z^fcoTCD^x;U 

Gen 2 5 <d±sbic l $^mmmms.mf£<< >*t&<?*£ 

1 60)M, V — X Kl>-f 7. 1 BCDmfS.&ft 

9o 7-xKU>(>?iai7, 1 8 0M*>;iA3££f* 
nMOSlcftLT^SiB 1 (Om**t mmmcDWnmt L, pM 
0S|z*fLTI4^GeB2 5lz^-rS20nm^ Lfco 

ff2j££m^M0SFET#§Sj£-rSo 
[0 0 5 4] *HSE0iJ-ei4x=O.5(DSio.5Geo.5S2 4 £ 



^BP»P«0)±Bt LTfiESLTl^CD-e. HSiBlfcJ; 

[0 0 5 5] *8IJ6ffy-ett, ***;U::5GeyJi£ffll* 
fctf, Si*JB-tffcSSii- y Ge y Ji (0<y<1) Sffl^i: 
ttt^5„ jffi^tfc y !4Sh- x Ge x ^EPJPB<7) 

fflisttx cfcy*#<-rs 0 

[00 5 6] USS^ij 6 

HJfcflh SUfi«5lzfcl+SSSiH 1 ±lzSio. 5Geo. 5P*i£ 
130 $-2nmft^fi3cLtctCD-CfeSo 
[0 0 5 7] CCD £513. Sio.5Geo.5»S)l3 O^^S 
\m 1 t?— KS|ft«K3(DPp1lC|ftltrC^S(Dr. ITli 

^siBi ty- hte««3j|tffi<Dtta*»i+-r. si 0 . 5 

Geo. 5fSfiH 3 O t mS i Jf 1 (D^m ttifitf^S i If 1 * I C 

[0058] &tz. *mmmv\zmGem2 5<D±mzm 

SiBl SSiLfc^ -<D)ISJ¥I4&|- Lttf^L^ 
V-XK^>«S1 7 1 8<D-f 7h>;±A;*S$l4nM0Slc 
*tLTI4^SiB 1 (DJ5Si:HfIJSa)12nnii: L. pMOS|z*t 
LTI4MGeB2 5 daif S22nm<hfSo 
[00 5 9] 7 

01 3 14. *HHfi«(z«SCM0SFET<7)BrSia-efcSo * 
HSSW4. HjSS0«J5|rfcltSMSi|f 1 <h^GeB2 5£fS 

[0 0 6 0] Mi*fftf::f4. Sio.5Geo.5SW»llB2 4±|C 
pM0S?ii^|z(4^Geli2 5£10nm. nMOSISJgEfciiSS i B 1 
S12nmaiR«*$l±4 0 ^GeB 2 5 l4®l*3l±$?iJ£;b £S 

it. ssijvi i4BM5io»yit*saitri^ 0 ctic: 

«ty. ^GeB2 5(7)IE?l. 31S iB 1 CDM^Ft tl^iiiStf) 
Si letter *«iHt*A<«a**t. »!SA<±fft4. 

[00 6 1 ] SISS^iJ 8 
Ull 4 14. ^MS«yic«|«SOItttfa)BrSHrft«. ^ 

3£3fc»LfcflL fcK%l=<b^SR««ft««(z#AL, 
Sii- x Ge x ^Fn*PB2 ^^g-rSo MH(4150nm«t "T So 

= I4S i 2H6 ts cfc I>'GeH4 * ffl L x . fiEfi;SJS700°C ric^ 
-T So Si i- x Ge x ^EP^PB 2 <DGe*flj£ttxl4l^ cfc 5 let 

*jffl^jtgT'fcs;!)<. ft-e»fiR-r4Ssi»i^BijiD-rs5 

*0)3|jE<ba)fc«>fzf*. x60.2-0.4tf 4fcAt^lS*3i« 
ilbtiSo *3U£«S-C(40.3frSo Sifccfcl/SiG 

[O O 6 2] ^iz^-ff >^Piimi±180KeV. K— X 
fi4x.10l7/cm2(D^^tfSii- x Gex^£P^PB 2CD±^»b;i 
AU 1350 o C-C8B#PelT--;U^^Tao -tilery. Si 
1- x Ge x MEpJiPB2(DitTlcSi02tft*iJt2 6A<^fiE**t 
So Si02*ft»H2 60)B^I*R-t100nin-efcy. $6^B 

i±5ovi2Ji±A<5t«**L*o r— — -;u«aicj:y. si i_ x Ge 
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[0 0 6 3] BiflL *W0)*as«i *tra«0)^a-bx 
ffflW, CM0SFET*«Jft7*-4Ct*<T#-6. * 

[0 0 6 4] *fc, »aSM3W*«l=«S»S*i4f-«>, 
St«u^;u-ea)»f^iSJt*a«a)Sia6«ttffl*izit-<40 

[0065] mmm9 

hi 5(isoi»«cDtea)iis6^j<D©T®iij-efe>5)o mmm 

8 tra«(D*afe-CfSii-xGexSH«IDli2*^»aLfc». 
Sii-xGe x ^En*all2(7)_hlcj5*12Onni0^Si^ 1 £it^ 

KeV. K— X*2x10l7/cm2<D*frT?SSiJi 1 (D±4>&a 

in 1 <nte^s\02@>mm 2 6*<»j*s*i« 0 si02*&*t 

S2 6(DJ5^l*R^30nmt35:4 o 

[0 0 6 6] *3l!6«iJ-ett. ^x;Hf(7)^^>;iA^ 
Sl-fcSffe. pMOST*CDIE?L(DSiGe^E[lj(jDll^<Dg£tbA<e 

[0067] mmm i o 

mi 6tt. *^j5S^j(z^^>soisscDMitxffK®[ii! 

fc^o Ell 6 (a) ir^f J:?!^ S®(z100nml5 

^0>**W*fiExenS»«LfcSi»«1 3^*;$Lfc 
gL fc/£%lc1b¥JMlJ*«a«l=»AU Sh- x Ge x MEP 

*Dii2^jss-r^o mm\t3oomtTtz> 0 mm\zits\2HQ 

fc*l/GeH4*fflL\ /$g;gg700°C-e^g-r>So Sh- x Ge 
x ^EP*jnJi 2 (DGettJSttxttl^cfc 5 lc *,*]$PnJt6T?fc6 
fr\ SSini ^EPin-r-5^0iliE^b(Dfc^(z(i. x£ 
0. 2-0. * fc Sl^ItfSbllSo *Hj5£0ijTr[*O. 3 
<b:^-^ 0 Si*5«fcI/SiGen<0rtt*l*<b*ft««*a 

t^o *tcS iSfel 3<D«^yicGe*«fc4t^l*SiGe;1 
B s B iSJfflL^TtgL\ GeO;g B B H hbx^^^ii-&. Ge 
S1 

Ge*I/£htx S 



0 


0 


0.1 


0.4 


0.2 


0.8 


0.3 


1.2 


0.4 


1.6 


0.5 


2.0 


0.6 


2.4 



HSSfi>]7 7?^Lfc*;it?. {100]S(7)SiS1& 1 3 
TpM0SFET£Sh-xGe x ^EP2JDJi 2 QGe^J&ttx^fl* ICS 

;u4 3 <^<;ooi>;^fS](DiE^cD^K]S^l.fa^)^. a2izs 



S«^Ge;I B B H it(0^:ttNSiGeS*fi$ffll>i,|$5A^ Si 
1- x Ge x SBPJ!lPn2(DjaftA<Sa. *41M*^»=**. 
[0 0 6 8] *icssini JffiSl, SB£MMbU 
*l*TM»Brffi«2 8(D;lg$fC7k^-f ?h>£;iAU ::<£> 
(4«lc««n*»«-r*o C3LTI3 16 (a) Iztj^ 
#SC:&:£ 0 tJJJBJHiB2 8l*Sii- x Ge x ^EPADg2<DftSfl 

[0 0 6 9] S6ir*ffi0)K<blBltSiJf=ffl«Lfc3£»* 
«2 9$»§ttl2 7-e»*U 0 16 (b) CD<£5£: 
#i^500 o c-eT-— 4 t«0Wtt«2 
8-C«JBS$*L. S0BH4B2 8A<Sii-xGexSEPiran2 0)rt 

«(Da*i*iai 6 (c) <D<fc3ftjR»ictty * isni 

CDrtSPCD^^f^H] 1 6(d) <Dcfc3ft«fflllC«j:ft, d 
16 (c) iZTT^m^it. $ bir^c£(c60nm(D^SiJi 1 

[0070] »wo>*i6«i *tra«a>^p-bx 

£m*T\ CM0SFETSSjg-r5Ci:3!)<-e#*o * 
iMfi£JHl*<5 z tlz&y^T. ;ujf<7M Aa^Slc 
S4o £bl~, 11 6 ( d ) (DtSitCDii^lClipMOST* 
(DiE^CDSiGeSW*Pn^<D3£aj^Cb^l^fc^). K— 

[0071] ;?ass**^iisiris5a$*L*fcto. 

*ISU^^T?(D«|f*ajS*ii«a)Si*Sffiffl^|zJt-<40 

% s at* «> ^ c fc *<as * fc o 

[00 7 2] HjSS^ij 1 1 
Hi£#J 1 -e^Lfc^;£"C. (100)®(DSigffi1 3^fflLv 
rttWffl«*a* h7>v7? $ S i i- x Ge x S0]Jjnn 2 CD 
GettfiEJtxS«^lzJ6*rft«L. m^CD^K^ isVO 
$ >X^b^Si^^^;U4 3 C7D<;O01>;^fS]CDm^fcct:i;iE 
?l<Df£S>g£Jtff «i lc*-rcfe5f=;Bftlt*<0.2 

[0 0 7 3] 



1300 400 

2600 850 

3300 2000 

3550 3100 

3500 4500 

3450 5200 

3400 6100 
a<cm2/Vs-efc£ 0 
[O O 7 4] 12 
GefcM/Stfcx §g jETLjKiftJS 

1.0 0 1900 

0. 9 -0. 4 2800 

0.8 -0.8 4100 



0.7 -1.2 7000 

0.6 -1.6 9000 

0.5 -2.0 12000 

0.4 -2.4 13500 

S3 





S 




0. 2 


0.8 


<;001> 


0. 2 


0.8 


< : 1 1 0> 


0.3 


1. 2 


<;001> 


0.3 


1. 2 


< : 1 1 o> 



[0 0 7 6] 

[B 1 1 ^%0^omWJ-efe^SiO2 > 7 r — h&Si M/^Si 

g/s i 1 - x Ge x mmnm ti^ mmmat<o^ > k b r $> 

[H4] HI l=*-r«it<DSh- x Ge x ^EpjjDJl(D*±a5IC 

[15] Hi l=^-ft|tiftl=*tt/W-7XVE£B]AiLfe 
ttS<D/<> KHT'fe£> 0 

[H6] **W(O«**:«-ei5«Si02y— H6*«/as'i 
li/^Sii-yGe y ]f/Si 1 - x Ge x ilgpaoJi,tO?ffli*S£<D 

[18] *«IB©Stt«2(Dffifflg«*aib*h5;/5?X 

[H 9 ] ^mwommm 3 affifflsuuMnx h 5 > 

[HI O] *«l&<D%ffitt4a:tgffl£C#tt!ll K7^y 
XSKDBrH&iiHT'fc-S. 
[Hi 1] ^SgBJOT||J£0ij5(7)4effiSm^>Am h7^v 

[Hi 2] *ftH<D£ffiffl6 0ffiffi£ttJl&jK h7>i; 
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>x*Nb^Si^-v^-;nt'<D<;ooi>;^(a] x <;no>:^ 
9irm^«)Sli<:l10>:^[a](7)^A^^< /j:^ 0 

[0 0 7 5] 

900 1800 
3100 1800 

900 2700 
3300 2700 
X^(DBfS*gjtHT'feS 0 

(Hi 4] *^0^OTHi£0ij8(DSOiatea)if®Hr'fe 

■So 

[015] *f§B^(7)Hj5fe^i|9C7)SOi»tea)^@[g]T:fc 

So 

[g]i e] ^mmmmm i o<z>soias«a>BiftigKi 
[^coitt0^] 

2-Sii- x Ge x ^EP*P». 3-Si02^r— hfftft 
B. 4-fi#«\ 5-liim K^f-V 
7-Sii- x Ge x <D/<> K***^* 8 -{s*tt7il 
ti. i o»-y— h*6»M/SSi 

JlSffi^ifiOSSiH^CDfiai^HflWp. 1 1 -y— 

1 Sii- x Ge x SFPJPB#®Wifi(DSi 
1- x Ge x SHl*P@2 4»cDffi«^CD=:ft#F. 1 3-Sig 
tfc. 14-V-Xlfl, 1 5-KW>fg, 1 6-y 
— K 1 7-pS V— X KL/-f>«*. 1 
KU-f>««, 19-*^»««8«W, 2 0-SSiJf 
/SSii-yGe y BS®^iaO)^Sii-yGeyB4'(Dffim^<7) 

2 1 -ftflftnffi K— tf^lf. 2 2-/W7 
XEPflPHfii. 2 3— Sh- x Ge x Kl/-f >Jf. 2 4---Sio. 5G 
eo.sJl. 2 5-^Sii-yGeyB (0<ySt) . 2 6-SI02 
t&mm. 2 7-j££tiB. 2 2 9-5ft 

aft. 3 0-Sio.5Geo.5l*illi* 4 0. 4 1-fi**G) 
H^#FCDT1<£. 4 2. 4 3--fflfi« : f-«a) = ft#P(01I 
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[Si] [12] [H3] [14] 



131 m2 133 g)4 




Wl 4 

^ v ' [015] 
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!f$F*1 2 0 O 0 - 2 8 6 4 1 8 




[El 1 2] 



W 1 2 



[@1 3] 

hi 3 
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* 4 




m 1 6] 

SI 6 





(b) 





(c) 





(d) 





mmaia^#rtrm^ / r^-Tg28osit!i 

(72)#g8j^# gl IE If 

m^H^#rfiS^>7-51-TS280St1ii 



F£-A(##) 5F040 DAOO DA01 DA02 DA05 DB03 

DC01 DC10 EB12 EC07 EE06 

EF09 EH02 EH05 EJ03 EK05 
FC06 

5F048 AA08 AC03 BA03 BA09 BA10 

BA12 BAH BB06 BB07 BC15 

BC18 BD09 BE03 BF02 BG14 



